The objective of the present study was to determine the effect of chronic calcitonin deficiency on bone mass development. The results of 11 patients with thyroid dysgenesis (TD) were compared to those of 17 normal individuals (C) and of 9 patients with other forms of hypothyroidism (OH): 4 with hypothyroidism due to inborn errors of thyroid hormone synthesis and 5 with Hashimoto's thyroiditis. The subjects received an intravenous calcium stimulus and blood was collected for the determination of ionized calcium (Ca 2+ ), calcitonin, and intact parathyroid hormone. Bone mineral density (BMD) was determined by dual-energy X-ray absorptiometry. After calcium administration the levels of Ca 2+ in the two groups of hypothyroidism were significantly higher than in the normal control group (10 min after starting calcium infusion: C = 1.29 ± 0.08 vs TD = 1.34 ± 0.03 vs OH = 1.34 ± 0.02 mmol/l; P < 0.05), and only the TD group showed no calcitonin response (5 min after starting calcium infusion: C = 27.9 ± 5.8 vs TD = 6.6 ± 0.3 vs OH = 43.0 ± 13.4 ng/l). BMD values did not differ significantly between groups (L2-L4: C = 1.116 ± 0.02 vs TD = 1.109 ± 0.03 vs OH = 1.050 ± 0.04 g/cm 2 ). These results indicate that early deficiency of calcitonin secretion has no detrimental effect on bone mass development. Furthermore, the increased calcitonin secretion observed in patients with inborn errors of thyroid hormone biosynthesis does not confer any advantage in terms of BMD.
Introduction
Osteoporosis is a systemic disease characterized by a decreased amount of bone mass and microarchitectural degeneration of bone tissue which increases the susceptibility to fracture. Bone mass, a major determinant of the risk of osteoporotic fracture, increases during childhood and adolescence, reaching its peak in the third decade of life (1) . Several lines of evidence suggest that genetic factors are responsible for almost 80% of variation in peak bone mass (2) . However, nutritional and environmental fac-tors, hormonal disorders, and other diseases can significantly affect bone mass gain during the acquisition period (1, 3) . The bone mass of an adult corresponds to the bone mass reached at the peak of the bone-forming period minus the loss that occurs subsequently. Therefore, for a better understanding of the mechanisms involved in the development of osteoporosis the study of the factors associated with bone loss rate in adults is as important as the evaluation of the impact of several factors related to the increase in bone mass during the period of bone mass anabolism.
Calcitonin is a potential calciotropic hormone that has an inhibitory effect on osteoclast activity in vitro (4) and can also stimulate urinary loss of calcium and phosphate (5) . However, the clinical significance of calcitonin deficiency has been difficult to demonstrate (6) . The physiological role of calcitonin in the maintenance of bone mass is suggested by studies showing that conditions associated with osteoporosis such as age (7) and female sex (8, 9) show lower serum calcitonin levels than observed in young individuals and in males. Furthermore, calcitonin administration increases bone mineral density (BMD) in postmenopausal women (10, 11) . In contrast, several studies have shown that acquired calcitonin deficiency or excess has no effect on bone mass or mineral metabolism in adults (12) and the only long-lasting randomized study of calcitonin treatment showed that the effect of calcitonin on bone mass gain was less than expected (13) .
There are few data about the impact of congenital calcitonin deficiency on bone mass (14, 15) and, as far as we know, there is no study evaluating bone mass by double-energy X-ray absorptiometry (DEXA) in these patients. Therefore, the objective of the present study was to determine the BMD of individuals with congenital nongoitrous hypothyroidism (thyroid agenesis and sublingual thyroid) and to compare them with the BMD values of controls and for individuals with congenital hypothyroidism due to a defect in hormone synthesis and with acquired hypothyroidism due to Hashimoto's thyroiditis. We also determined calcitonin secretion and parathyroid hormone (PTH) suppression during intravenous calcium infusion in these patients.
Subjects and Methods
The study was conducted on 37 subjects, 17 controls (10 females and 7 males -group C), 11 with thyroid dysgenesis (7 females and 4 males -group TD), and 9 with other forms of hypothyroidism (5 with Hashimoto's thyroiditis and 4 with disorder of thyroid hormonal synthesis, 7 females and 2 malesgroup OH). There was no significant difference in physical characteristics between groups (Table 1) . Among patients with congenital hypothyroidism, only 6 had precociously started hormone replacement therapy. Two patients with sublingual thyroid had started therapy at 9 and 13 years of age, respectively. The other patients did not provide reliable information concerning the onset of hormone therapy.
The study was approved by the Ethics Committee of the University Hospital, School of Medicine of Ribeirão Preto, USP, and all subjects and/or responsible family members gave written informed consent to participate in the study.
The three groups were defined on the basis of clinical and laboratory evaluation. Normal individuals had no personal or family history of metabolic and bone disease and the subjects with thyroid disease had no other disorder in addition to that under evaluation. The etiological diagnosis of dysgenetic hypothyroidism was made by [ 131 I]-thyroid scintigraphy in 9 patients (4 with thyroid agenesis and 5 with sublingual thyroid). [ 131 I]-scanning was not performed in two patients because they were already under treatment when referred to the University Hospital.
Individuals with a history of tobacco smoking, alcoholism, use of drugs with known effects on mineral metabolism (estrogen, barbiturics, vitamin D, diuretics, corticosteroids) were excluded from the study. The patients with TD had significantly higher thyroid-stimulating hormone (TSH) values than the other groups (TSH: C = 1.8 ± 0.5 vs TD = 13.7 ± 7.8 vs OH = 5.9 ± 2.6 mU/l) but there was no significant difference in serum thyroxine (T 4 ) or prolactin (PRL) levels between groups ( Table 1 ). The levels of testosterone, estradiol, S-dehydroxyepiandrostenedione (S-DHEA), ∆-4 androstenedione, calcium, alkaline phosphatase, and cortisol were normal and did not differ significantly between groups. The patients with hypothyroidism were using a physiological dose of L-thyroxine (1-2.2 µg/kg body weight). All subjects were submitted to BMD evaluation in the lumbar spine (L2-L4), and femoral neck. BMD was assessed by DEXA (Sophos, LXRA, Paris, France) and the results are reported as g/cm 2 and Z score.
Eight individuals of the groups with hypothyroidism agreed to participate in the calcium infusion test. The experiments were performed in the morning beginning between 7:00 and 9:00 am, in a metabolic study room at a constant temperature of 22ºC. The volunteers were in the postabsorptive state (10-12 h of fast) and stayed in the supine position during the experiment. Cubital veins were cannulated in each forearm with 20-gauge catheters for blood collection and solution infusion, respectively. After 30 min of rest to allow equilibration of plasma albumin and calcium levels, the first basal sample was collected for testosterone, estradiol, S-DHEA, ∆-4 androstenedione, calcium, alkaline phosphatase, T 4 , TSH, PRL, ionized calcium, calcitonin, and intact PTH (iPTH) determinations. Two other basal blood samples were drawn at 10-min intervals for ionized blood calcium and serum calcitonin and iPTH measurements, and the infusion of calcium gluconate was then started. Two milligrams of elemental calcium per kg body weight diluted in 5% glucose for a total volume of 50 ml was infused at a constant rate with an infusion pump (Harvard Apparatus; Millis, MA, USA) for 5 min. Thereafter, sampling times were at the end of infusion (5 min) and at 10 and 20 min for ionized blood calcium and serum iPTH and calcitonin determinations.
Samples for ionized blood calcium were collected anaerobically with a syringe containing calcium-titrated heparin (PICO ™ 70, Radiometer, Copenhagen, Denmark) and determinations were performed immediately after collection using an analyzer with a calcium-specific electrode (Radiometer ICA II, Copenhagen, Denmark). Serum samples for iPTH and calcitonin measurements were separated in a refrigerated centrifuge and frozen at -70ºC until the day for the determinations. iPTH was determined by an immunoradiometric method (Nichols Diagnostic Institutes, San Juan Capistrano, CA, USA). The intra-and interassay coefficients of variation were 5.1 and 10%, respectively. Radioimmunoassay was used for calcitonin determination (Nichols Diagnostic Institutes) and intra-and interassay coefficients of variation were 5.2 and 11.7%, respectively. Luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol, PRL, and S-DHEA were determined by radioimmunoassay and free T 4 and TSH were determined by immunochemiluminescence (Immulite, Diagnostic Products Corporation, Los Angeles, CA, USA).
Statistical analysis
Data are reported as means ± SEM. Data were analyzed using the Graphpad Prism 1999 software (Graphpad Software Inc., San Diego, CA, USA). The two-way Friedman test for analysis of variance by ranks was used for paired parameters and the KruskalWallis test was used for unpaired variables. Dunn's post-test was used in both analyses.
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The level of significance was set at P < 0.05.
Results
The serum levels of calcium, inorganic phosphorus, magnesium, cortisol, LH, FSH, and estradiol were normal and there was no significant difference between groups. Table  1 shows serum levels of T 4 , TSH and PRL for the three groups. The patients with TD showed higher TSH levels, which were above normal in four patients.
Basal ionized calcium was similar in the three groups. However, after calcium administration the circulatory levels reached in the two groups with hypothyroidism were significantly higher than in controls (10 min after starting calcium infusion: C = 1.29 ± 0.08 vs TD = 1.34 ± 0.03 vs OH = 1.34 ± 0.02 mmol/l, P < 0.05; Figure 1) .
Patients with TD presented basal calcitonin levels similar to control but significantly lower than those for the other group with hypothyroidism (C = 11.0 ± 1.8 vs TD = 6.0 ± 0.5 vs OH = 16.0 ± 3.5 ng/l, P < 0.01). After the calcium stimulus, the patients with TD maintained similar values, while controls and patients with Hashimoto's disease and disturbed hormonal synthesis presented a significant elevation in calcitonin levels (5 min after starting calcium infusion: C = 27.9 ± 5.8 vs TD = 6.6 ± 0.3 vs OH = 43.0 ± 13.4 ng/l, P < 0.01). The patients with disturbed hormonal synthesis were responsible for the higher basal and stimulated calcitonin levels of OH individuals, since patients with Hashimoto's disease presented serum calcitonin levels similar to controls.
The OH group tended to have higher basal serum iPTH levels than the other groups (C = 26.5 ± 8.0 vs TD = 25.5 ± 3.9 vs OH = 46.3 ± 6.2 ng/l), a pattern that was maintained over all intervals after calcium administration (+5: C = 11.9 ± 2.7 vs TD = 10.3 ± 3.0 vs OH = 17.6 ± 4.8 ng/l) but, again, there were no significant difference between groups (Figure 1 
Discussion
The present data suggest that congenital calcitonin deficiency is not a condition that prevents the development of normal bone mass in human beings. Indeed our results showed that young and middle-aged adults with hypothyroidism and chronic calcitonin deficiency have normal BMD. Additionally, our results showed that patients with congenital hypothyroidism due to disorders of hormonal synthesis have higher calcitonin secretion which, however, does not confer any advantage in terms of bone mass development.
Probably the only similarity between thyroid follicular cells and C cells is to share the final localization in the same organ. However, these cells differ in their origin and especially in terms of their known physiological role. Disorders of follicular cells influence the economy of the organism as a whole, including bone, whereas the ablation or hyperactivity of C cells apparently has no clinical consequence (16) . C cells are derived from the neural crest and migrate to the thyroid during embryogenesis. The bioavail- ability of C cells in patients with TD is not known; however, in this condition their survival or activity may be impaired. Our results confirm previous studies showing that patients with nongoitrous hypothyroidism have a reduced or absent basal calcitonin response to different stimuli. Detectable calcitonin levels in these patients can be ascribed to extrathyroid production or to detection of nonmonomeric calcitonin by immunoassay (17) . There is no apparent explanation for the reduction of calcitonin secretion in patients with lingual thyroid. However, Demeester-Mirkine et al. (15) hypothesized that adequate C cell development might require the presence of factors secreted by follicular cells, and that cells that have not migrated adequately do not have a normal function. Interestingly, in support of this hypothesis, our data show that patients with dysgenetic hypothyroidism have decreased calcitonin secretion while congenital goitrous patients have increased calcitonin secretion. Previous studies also demonstrated increased calcitonin values in patients with other causes of thyroid disorders (18) (19) (20) . Our patients had no clinical, ultrasonographic or cytopathological evidence of medullary thyroid carcinoma. Hypercalcitoninemia can also result from low levels of 1,25-dihydroxyvitamin D3 [1,25-(OH) 2 D3]. Lazaretti-Castro et al. (21) and Zabel and Dietel (22) showed that 1,25-(OH) 2 D3 downregulates thyroid C cells and it is well known that the principal cells of the parathyroid gland are also down-regulated by 1,25-(OH) 2 D3 (23). We observed that the patients with a higher calcitonin response were also those with higher basal serum iPTH. Unfortunately, we did not determine circulatory 1,25-(OH) 2 D3 levels and cannot attribute the alterations in PTH and calcitonin levels to a possible deficit of 1,25-(OH) 2 D3.
The groups of patients with hypothyroidism presented greater elevation of ionized blood calcium than controls after calcium administration. Previously, Anast and Guthrie (24) described similar decreased calcium tolerance in treated patients with TD. The authors attributed the pattern of the calcium curve to the deficiency of calcitonin. However, this hypothesis cannot be applied to all patients with hypothyroidism. We verified the same behavior of the calcium curve in both groups of hypothyroidism independently of calcitonin deficiency. Thus, our results may suggest alteration in the set point of the calcium sensor, since a greater elevation of ionized calcium was not associated with a greater suppression of PTH secretion after calcium administration to these patients. Poloyan et al. (25) detected the occurrence of parathyroid hyperplasia in chronic hypothyroidism, and it is well known that parathyroid hyperplasia is associated with decreased sensitivity in the set point of the calcium sensor (26) .
Body et al. (27) evaluated serum calcitonin levels in children with congenital nongoitrous hypothyroidism from birth to adolescence and observed that the fall in calcitonin levels was particularly marked in early infancy, suggesting that the impairment in calcitonin secretion is an early occurrence in these patients. Therefore, if calcitonin has an important role in bone mass acquisition we may speculate that adults with congenital calcitonin deficiency would have osteopenia. This hypothesis was not confirmed by our results. The normal BMD values in L2-L4 and in the femoral neck observed in our patients indicate that individuals with chronic calcitonin deficiency are not at a disadvantage in terms of reaching normal BMD. Our results are consistent with studies on adults which have demonstrated that acquired calcitonin deficiency or excess has no effect on bone mineral content. Contrary to our results, Kruse et al. (14) and Demeester-Mirkine et al. (15) detected decreased radial BMD in patients with nongoitrous hypothyroidism. However, the results obtained in our study are not comparable since Kruse et al. (14) studied individuals with a mean age of 16.8 years and Demeester-Mirkine et al. (15) also included 15-year-old patients in their study. Additionally, in the cited studies BMD was assessed by single-photon absorptiometry, whereas we used DEXA which is currently considered to be the gold standard method for BMD evaluation.
Recently, Hoff et al. (28) obtained surprising results concerning bone mass development in an experimental model using knockout mice for the calcitonin gene. These animals developed a greater volume of trabecular bone than the control group, probably due to their greater bone formation rate. These results were a milestone in the study of the physiological role of calcitonin and permitted the authors to propose the unexpected hypothesis that calcitonin may have a modulatory effect on osteoblasts by inhibiting their activity. Although the artificial conditions present in the animal model used by Hoff et al. (28) are not directly comparable to the model of chronic calcitonin deficiency used in our study, the present data at least support the idea that calcitonin deficiency does not seem to be a limiting factor of bone mass development.
The effect of hypothyroidism on BMD has not been well established. It has been reported that hypothyroidism is associated with higher (29) or normal BMD (30) . However, there are no data showing the effect of late treatment on BMD in children with congenital hypothyroidism. Thyroid hormone is essential for normal growth and maturation of the skeleton. Since severe hypothyroid-ism usually leads to impaired growth and pubertal development we would expect reduced bone mass acquisition. Unfortunately, BMD assessment was not available for our patients when they were in a condition of clinical and biochemical hypothyroidism.
The present results suggest that calcitonin is not an important hormone for bone mass development in human beings. Patients with TD, a condition associated with early reduction of calcitonin secretion, present BMD similar to controls and to patients with other forms of hypothyroidism. The deficit of calcitonin secretion verified in this study probably reflects chronic calcitonin deficiency in patients with dysgenetic hypothyroidism. Nevertheless, the BMD in L2-L4 and in the femoral neck was normal in these patients. Two decades before, Body and Heath (9) stated that calcitonin is a hormone in search of a function. Today, after the biochemical and molecular characterization as well as the therapeutic use of calcitonin, the physiological importance of this hormone has not yet been clearly established.
